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44 Basic aspects of myocardial ischaemia
Monophosphoryl lipid a pretreatment preserves 
sarcoplasmic reticulum (SR) calcium uptake in the face 
of cardiac ischaemia reperfusion injury in the rabbit
P.A. Weber, M. Smart, M.L. Comerford, J. Smith, L. Zhao, G.T. Elliott. Div of 
Pharmaceut Develop, Ribi ImmunoChem, Hamilton, MT, USA
Monophosphoryl lipid A (MLA) has been demonstrated in numerous models 
of cardiac ischemia/reperfusion (l/R) injury to reduce infarct size, regional 
myocardial stunning, arrhythmias and global ventricular dysfunction when ad­
ministered 6 to 36 hr prior to ischemia. Ischemic preconditioning has previously 
been shown to preserve SR calcium uptake function in the face of l/R injury. 
This study was undertaken to determine if infarct size reduction with MLA pre­
treatment was associated with improved calcium uptake by SR in post-ischemtc 
yet viable myocardium.
Methods: MLA (35 ¡xg/kg) or vehicle was administered IV 24 hr prior to 
ischemia. Following 30 min regional in situ ischemia/180 min reperfusion, 
infarct size and area at risk were delineated by Unisperse® TTC dye counter- 
staining using room temperature incubation. Post ischemic-viable border region 
tissue was quickly dissected for immediate homogenization and SR analysis 
and comparison with nonischemic sham operated rabbit hearts. Homogenized 
tissue was incubated with Ca45, (±) 418 nM ryanodine in the presence of ATP 
and uptake of Ca45 into SR vesicles measured respectively from the incubation 
chamber over 4 min. Rate of Ca45 uptake was quantitated using regression 
analysis as the slope for the uptake over 4 min.
Results: Calcium Uptake-with ryanodine (nM of Ca/min/mg protein)
Treatment Ischemic Zone (Viable Tissue) Nonischemic Zone (Viable Tissue)
Vehicle control 18.8’* 38.4“
MLA (35 /¿g/kg) 37.6’ 54.9*
Sham-ischemia control 43.5* 56.8*
p < 0.05 versus vehicle control, p < 0.05 versus sham control.
Conclusion: MLA pretreatment preserved SR Ca reuptake pump in the 
presence of ryanodine (13.6% loss) following l/R compared with nonischemic 
shams. Vehioie controls in contrast displayed significant loss of Ca reuptake 
(56.8% versus shams). Effect of MLA treatment on SR Ca reuptake in the 
absence of ryanodine and upon SR Ca release (calculated) will also be 
reported.
Administration of adenosine depresses 
post-ischaemic recovery of performance in an ejecting, 
isolated rat heart model
RJ.F. Houston, C.J.A.M. Zeebregts3, S.H. Skotnicki1, F.W.A. Verheugt2,
B. Oeseburg. Physiology Dept, Faculty of Sciences, 1 Department of 
Cardiothoracic Surgery, Faculty of Medical Sciences,2 Department of 
Cardiofogy, Faculty of Medical Sciences, University of Nijmegen, Nijmegen,
3 Department of Cardiothoracic Surgery, St Antonius Hospital, Nieuwegein,
The Netherlands
In the search for substances to improve recovery after ischaemia during 
intermittent cardioplegia, adenosine has emerged as a promising candidate, 
Our hypothesis was that adenosine administered during potassium arrest both 
before ischaemia and during reperfusion would improve cardiac functional 
recovery.
Method: An ejecting, isolated rat heart, perfused by supplying Bovine ery­
throcytes suspended in artificial plasma into the left atrium, was arrested by 
raising perfusate potassium concentration to 30 mM. After 15 min pretreatment 
(control group -  arrest; test group -  arrest with 50 /¿M adenosine In perfusate), 
the heart was subjected to 10 min normothermic ischaemia (38DC), temperature 
being verified using a sensor in the right ventricle. After 15 min reperfusion 
maintaining arrest with the same perfusate in each group as before, functional 
recovery was assessed: see figure.
Results: Adenosine-treated hearts (n = 5) recovered only 80% (SD 7,3%) of 
their pre-ischaemic left ventricular output, significantly less than the 92% (SD 
4,5%) of control hearts (n = 5, * p « 0.020 by Welch’s t-test).
Discussion: Others have shown that adenosine improves recovery of both 
function and myocardial ATP content, and reduces infarct size: however, 
mechanisms may be species-dependent, and protocols varied.
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cyte-suspension-perfused rat heart; this could possibly be due to ionic overload 
or exacerbation of reperfusion damage by adenosine.
P4341 importance of pre-ischaemic myocardial energy state 
----- in eliciting efficient multiple ischaemic preconditioning
O.l. Pisarenko, V.S. Shulzhenko, l.M. Studneva. Cardiology Research Centre, 
Moscow, Russia
Reasons of ineffective protection against ischemia/reperfusion stress by re­
peated cycles of ischemic preconditioning (IP) remain controversial. This study 
was designed to examine relationship between the early alterations of energy 
metabolism induced by single and multiple iP and postischemic metabolic and 
functional recovery of the isolated working rat heart.
Methods: Hearts were perfused under constant filling and resistance pres­
sures (15 and 75 mm Hg, resp.). After 20-min preliminary perfusion, the hearts 
were randomized to a control group, which underwent 15-min global ischemia 
and subsequent 30-min reperfusion in working mode, or one of three precon­
ditioned groups (P1, P2, and P4) in which the ischemic period was preceded 
by 1, 2, or 4 cycles of 5-min total ischemia and 5-min reperfusion. Myocardial 
energy state was assessed by content of adenine nucleotides (SAN), P| and 
phosphocreatine (PCr). The total creatine (ECr = PCr + Cr) was used as in 
index of cell membrane damage.
Results: Only P1 group exhibited insignificantly reduced SAN pool after 
IP accompanied by PCr overshoot (125 ±  6%) and equimolar Cr undershoot 
keeping ECr unchanged. Following sustained ischemia, this group showed 
attenuated ATP depletion, higher level of residual PCr, less intracellular acidosis, 
and reduced Cr and P] accumulation. On reperfusion, enhanced restoration of 
EAN, PCr and better integrity of cell membranes in P1 group were combined 
with improved recovery of pump function compared to these parameters in 
control. Multiple IP in P2 and P4 groups led to disappearance of PCr overshoot 
and progressive SAN loss prior to sustained ischemia. There were no significant 
differences in metabolic and functional recovery between P2 and control group 
after reperfusion, while P4 group exhibited the worst energy state, enhanced 
membrane damage and poor recovery of cardiac function. In all preconditioned 
groups recovery of cardiac work positively correlated with preischemic content 
of PCr and ECr (r = 0.86-0.90, p < 0.01).
In conclusion, the results indicate that disturbances of energy metabolism 
during multipie IP may abolish positive effects induced by a single precondi­
tioning cycle.
Alterations in cardiomyocyte ribosomal RNA cistron 
from patients with arterial hypertensions and chronic 
ischaemic heart disease with/without heart failure
N. Mamaev, A. Gudkova, Kh. Amineva. Department of Internal Medicine I, 
Medical University named after l.R Pavlov,, Russia, The Institute of 
Cardiology, Saint-Petersburg, Russia
Nucleolar organizer regions (NORs) are loops of DNA that transcribe to ribo­
somal RNA and can be detected by means of a simple one-step argyrophilic 
technique (AgNOR method). The amount of AgNOR protein is related to the 
cell cycle, increasing progressively from GO to S-phase. On the other hand, the 
AgNOR content in such nonproliferating cells as cardiomyocytes (CM) seems 
to be a good feature of their functional activity.
Method; the content of ribosomal RNA cistrons and their expression in 
cardiomyocytes from 26 deceased cases with arterial hypertensions (AH) and 
from 31 cases with chronic ischemic heart disease (CIHD) were evaluated by 
means of silver staining. As a control autopsied myocardium obtained from 
eight previously healthy persons who had perished in accidents was used.
Results: the mean number of AgNORs in both normal (8.0 db 0.4) and 
pathological CM was relatively low. It was higher in AH (11.0 ±  0.7; P < 0.01) 
and In CIHD (9.9 ±  0.7; P < 0.03) unless complicated with severe heart failure 
(HF). Strong correlation between CM AgNOR scores and either the level of 
diastolic pressure (r = 0.8; P < 0.03) or myocardial weight (r = 0.6; P < 0.02) 
were noticed. In both groups the lowest AgNOR scores were found in the cases 
with more severe HF. According to the recent data the latter finding can be 
explained by an unreversible loss of ribosomal RNA cistrons from pathological 
CM which in turn may be a reason for development of severe HF.
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We conclude: that adenosine administered both before and after ischaemia 
reduces functional recovery when assessed haemodynamically in the erythro-
